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Probing multiverse using gravitational wave observations
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Abstract

From the theory of the multiverse cosmology, it is possible that our universe collides with other universes
locally in its history, which may result in local changes of the curvature of the spacetime. In this paper, we
propose a method to probe the multiverse using gravitational wave observations for the first time, Our method
firstly makes triangles using two detected gravitational wave sources and the Sun, and then measures the curvature
of the triangles. We use 11 gravitational wave sources detected by LIGO and Virgo during O1 and O2, and make
55 triangles by combining them to measure their curvature. The curvature is measured by comparing the distance
between two gravitational wave sources estimated by the gravitational wave observations with the one obtained with
assumption of a simple model of the cosmological evolution.

As a result, we found that, for 43 of 55 triangles, the distances estimated by the model are greater than
the ones obtained by the gravitational wave observations. This indicates a negative curvature, which may be due
to the simplification of the cosmological evolution. For the rest 12, the distances are not determined because of
uncertainty of the parameters of the gravitational wave observations. Further gravitational wave observations and
more sophisticated model of the cosmological evolution is essential to test the multiverse cosmology observationally.
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Table 1 55 combinations of two gravitational sources for making triangles including the Sun.

index combination index combination

areal | GW150914,GW151012 area 29 | GW170104,GW170729
area 2 | GW150914,GW151226 area 30 | GW170104,GW170809
area 3 | GW150914,GW170104 area 31 | GW170104,GW170814
area4 | GW150914,GW170608 area 32 | GW170104,GW170817
areab | GW150914,GW170729 area 33 | GW170104,GW170818
area 6 | GW150914,GW170809 area 34 | GW170104,GW170823
area 7 | GW150914,GW170814 area 35 | GW170608,GW170729
area 8 | GW150914,GW170817 area 36 | GW170608,GW 170809
area 9 | GW150914,GW170818 area 37 | GW170608,GW170814

area 10 | GW150914,GW170823

area 38 | GW170608,GW170817

area 11 | GW151012,GW151226

area 39 | GW170608,GW170818

area 12 | GW151012,GW170104

area 40 | GW170608,GW170823

area 13 | GW151012,GW170608

area 41 | GW170729,GW170809

area 14 | GW151012,GW170729

area 42 | GW170729,GW170814

area 15 | GW151012,GW170809

area 43 | GW170729,GW170817

area 16 | GW151012,GW170814

area 44 | GW170729,GW170818

area 17 | GW151012,GW170817

area 45 | GW170729,GW170823

area 18 | GW151012,GW170818

area 46 | GW170809,GW170814

area 19 | GW151012,GW170823

area 47 | GW170809,GW170817

area 20 | GW151226,GW170104

area 48 | GW170809,GW170818

area 21 | GW151226,GW170608

area 49 | GW170809,GW170823

area 22 | GW151226,GW170729

area 50 | GW170814,GW170817

area 23 | GW151226,GW170809

area 51 | GW170814,GW170818

area 24 | GW151226,GW170814

area 52 | GW170814,GW170823

area 25 | GW151226,GW170817

area 53 | GW170817,GW170818

area 26 | GW151226,GW170818

area 54 | GW170817,GW170823

area 27 | GW151226,GW170823

area bb

GW170818,GW170823

area 28 | GW170104,GW170608
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Fig.1 Most probable sky locations of the detected gravitational waves in 2015-2017 in the Mollweide coordinates.
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Fig.2 Blue plots show the distances between gravitational wave sources estimated by the gravitational wave observations with uncertainty. Red
plots show the distances calculated using a simple model of the cosmological evolution.
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Table 2 Curvatures of the 55 triangles.

index curvature index curvature
area 1l negative area 29 Indistinguishable
area 2 negative area 30 negative
area 3 negative area 31 negative
area 4 negative area 32 negative
area b Indistinguishable area 33 negative
area 6 negative area 34 Indistinguishable
area 7 negative area 35 Indistinguishable
area 8 negative area 36 negative
area 9 negative area 37 negative
area 10 negative area 38 negative
area 11 negative area 39 negative
area 12 negative area 40 negative
area 13 negative area 41 Indistinguishable
area 14 Indistinguishable area 42 Indistinguishable
area 15 negative area 43 Indistinguishable
area 16 negative area 44 Indistinguishable
area 17 negative area 45 Indistinguishable
area 18 negative area 46 negative
area 19 negative area 47 negative
area 20 negative area 48 negative
area 21 negative area 49 negative
area 22 Indistinguishable area 50 negative
area 23 negative area 51 negative
area 24 negative area 52 negative
area 25 negative area 53 negative
area 26 negative area 54 negative
area 27 negative area 55 Indistinguishable
area 28 negative
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